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i8. Abstract

Carrently, en 'OLuf_' control of high altitude {lights berween zirports uses computer-augmented radar information available on the
. Plan View Display (PVD}, Computer Readout Device {(CRD}, and fight information printed on Flight Progress Suips \r"S . The
FPS contains thirty-one fields that supplement data available on the PVD. While an aircraft is in 2 controller’s sector, control
. instrucrions, changes to the flight plan, and other contacts with the aircraft are written on the corresponding strip. This repor:
| describes 2n experiment that compared the effects of using a standard-sized {1 5/16” x 8") FPS and an FPS reduced both in $ize (1" x
5™ and information on the performance and workload of conwrolier zeams. The teams, from Minneapolis ARTCC, controlled
simulated afr trafic in a mixed radar-neniadar environment, Overall, the 17 x 57 reduced strip vielded deficiss in the control of
nonradar flights but not radar flights. This was evidenced in subject matter experts’ evaluation of nonradar separation, swip
 orocessing and board management, and, to 2 marginal extent, in the efficiency of £ eraffic movement :angh the sector. The radar-
side {R-side) controller’s awareness was also rated lower when using the smaller st:;ps Interestingly, the controﬁiers’ evauation of
their own pesformance did not reflect 2 difference berween smaller and normal-sized strips. This may help explain why contrellers
did not compensate for the smaller sirips to any great extent. Onty R-side controliers extibited compensaiory Dehaviors and reported
increased workload. R-side controfiers also ponted to the PVD more often. Aithough there was little compensatory activity, R-side
Controllers éma.g‘at workicad was greater with smnaller strips. R-side conirollers zlso felt it was more efforths! and mere frustrating
working with the 17 x 57 s*nps Desozte the selfreported heavier workioad, controllers nevertheless were able to perform secondary
tasks, such as cmmmg pnok requests, as often and as c;mcky using smatler s:r;ps as t.-e}r did using standard strins. This study also
described specific air traffic ac:ivites likely o be affected by 2 reducaon to 2 17 x 37 FPS. Swtin marking, speed of StTip processing,
a2nd some aspecis of board d management seemed esvecxaﬁay affected. Inferior sirip ’narung was ewdeqceé in the on-line expert
evaluation and controllers often reported that the size of ¢he 17 x 57 sm;} prevented writing. The ability to locate 2 parzicular strip
and find the information on it seems to suffer with a reéwnop in size as tested in fius sa.ady On-line expert evaluations and
controlier opinions echoed this problem. Locating strips might have been especially difficuls for the R-side, thus leading to large
differences in self-reported frustration. Controllers also noted specific problems with the sirip display, ;raciuéing the use of shading o
replace information typically presented in red. Of board management responsibilities, considered by controliers as generally inferior
with 17 x 57 strips, removai of deadwood seems less likely to be negatively affected by reduction in strip size. The on- Ene expert
evaluation rated the 17 x 57 strips negatively and the subject matter experts recorded more negativn comments ahnur removal
deadwood under that condition. Overall, this study does not permit recommendation of the 1% 57 reduced strip as designed for this
study. Suggestions for improving 2 less than standard size FPS are provided.
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Currently, en route air traffic control depends
on computer-augmented radar information avail-
sble on the Plan View Display {(PVD), Computer
Readout Device (CRDY}, and the flight informa-
rion evailable on the Flight Progress Serip (FPS).
Thirty-one fields for information are printed on
the strips. This information supplements the
data available from the PYD. While an aircrafi is
in the controlier’s sector, the controlier writes on
the corresponding strip o reflect the control
instructions, any changes made in the flight plan,
and other contacts with the aircraft,

This report describes an experiment that
compared the effects of using a standard-sized
{15/1 x 8™} FPS and a smaller {17 x 57) FPS
containing less information on the performance
and workioad of controller teams. The teams,
from Minnezpolis ARTCC, controlled simulated
air traffic in 2 mixed radar-nonradar environ-
ment. Overall, the 17 x 37 reduced strip yielded
deficits in the control of nonradar flights but not
radar flights. This was evidenced in the subject
matter experts’ evaluation of nonradar separa-
tion, strip processing and beard management,
and, to a marginal extent, in the efficiency with
which traffic was moved thiough the secror. The
R-sie congroller’s awareness was also rated lower
when using the smaller strips. Intersstingly, the
controllers’ evasuation of their own performance
did not reflect this difference between reduced and
normal strips. This may help explain why control-
lers did not compensate for the smaller strips to any
grezt extent. -

Only the radas-side (R-side} controller exhibited
any compensatery behaviors and only the Reside
reported increased workload. R-side controllers
pointed to the PYD more often. Although there
was little compensatory activity, the R-side conerel-
fer felt the workload was greater with the smaller

strips. The R-side coner Her felrirwasmoreefforifu

and more frustratingwor T
Despite being under 2 self-reporred heavier work-
load, the controllers nevertheless were able to par-
form secondary tasks, such as granting pilot requests,
as often and as quickly using the smailer serips as
they did using standard strips.

This study also supplied information about
the specific air traffic activities likely to be af
fected by 2 reduction o 2 17 x 57 FPS. Swip
marking, speed of strip processing, and some
aspects of board management scemed especially
affected. Inferior strip marking was evidenced in
the on-line expert evaluation znd the conuroliers

ften reported that the size of the 17 x 57 strip

prevented writing. The ability to locate a parvicu-

lar strip and to find the information on the strip

once it was found seems to suffer with a reduction

in the size of the strip used in this study. The on-
an:

line expert evaluation and the controller opin-
ions echoed this problem. Locating strips might
have been especially difficult for the R-side, thus
leading to the large difference in seif-reported
frustration. The controllers al
nroblems with the serip display, including the use
of shading to replace information thav is typically
presented in red. Of board management respon:
sibilities—considered by the controllers as gen-
eraliy inferior with 17 x 57 suips—removal of
deadwood scems less like
fected by reduction in strip size. The on-line
he 17 x 57 strips nega-
tively and the subject matter experts recorded
more negative corements about removal of dead-
wood under that condition.

Overall, this study does not permit recommen-
dation of the 1"x 57 reduced strip as designed for
this study. Suggestions for selecring 2 less than
standard size FPS are made in this repert.
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v BN Route ATC MIxzD ENVIRONMENTS

Iarroduction

The Federsl Aviation Administration {(FAA) has
been engaged in an intense effort to modernize the
equipment that controilers use to help ensure the safe
and expeditious movement of the nation’s air traffic.
Forreasons detailed elsewhere, attempts to completely
modernize the system have met with only partial
success. Plans for the Inmitial Sector Suite Sysrem
{ISSS) have been revised significantly. The state-of-
the-art common-consoles that were the tecﬁzzo-.ogicai
underpins:ings of ISSS are available and will be placed
in the field soon.

Unfortunately, the efforts to automate the presenta-
tion of flight data have been less than successfu 1 and the
common console is no longer planned te incorporate
electronic renditions of aircraft flight progress serips.
Thus, the problem is to take maximum adventage of the
funcrional aspects of the common conssle, while provig-
ing controllers with the flight datainformerion the}f nesd
£o separate aircraft.

Currently, en route flight progress data are presented
on I 5/16” x 8 strips of paper called m;gm Progress
Serips (FPSs). The FPS includes 31 fields in which
information about a particalar flight is presented by the
computer or entered and modified by the controller. A

figure of the current FPS, xoge:her with 2n explanatic
of the fields, can be found in PAA Order 7110, 6 z‘cf
reproduced in Figure 1 of this report. The FPS is placed
in a plastic strip holder and these holders are sequenced
and manipuiated in vertical Ddys nexr to the radar scops
or plan view display (PVD). If the 8” EPS is retained, 2
bay of these strips will quaciciy cover i“‘ radar associate’s
side of the common-console, making access to the
console’s technology difficult, i not impossible.

B

The 17 x 57 Flight Pragress Serip

One solusion 1o this proo!em is to present controtlers
with j.ug*-at progzess date in much the same way that it i

CUFLern «.1} g;*caeﬁ:ec; but o reduce the size of the FPS so

tha: mote of the new eguipment is accessible by the

controiler. However, the functionality of the FPS could
bethreatened by ze&nc--;g its .r_arsysAQz. size or by eliminat-

P
:

ing some of the 31 information fields. The FT “S notonty
SL?EJE*“S information tc the controller, il
1d modified by the controller. Thus, a5

ézs concomitant reduction of constitn
could affect both the controller’s ability w locate and
extract information about 2 fight and the ability wo find
enocugh space to update and modify information on the
scrip. Some writing space can be gained by eliminating
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and comp D in bold.

o 3es of fiight progress sirips used in this study. On top s the fight progress sirip (FFPS8)
n the bottom, is the 17 X &7 reduced fight progress sirip (RFPE)Y, which has the call sign
£
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‘szeiés that are no gorgei of value to the controller
ras Cone in the current study. [t is important o
ether controllers can effectively control traf-
- EP 11y reduced in & :

S is physically reduced in size and some

t}*?zcaﬁy found orn the FPS are no longer
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There is some evidence that removal of informa-
tion on the FPS would not necessarily hurt ATC perfor-
mance {Albright, Truit, Barile, Vortac, & Manning,

1994; Vorwmc, Edwards, Foller, & Manning, 1993;
Vortac, Barite, Albright, Truizt, Manning, & Bain,
1996). Vortac and colleagues have shown thar, at least
in some types of sectors and situations, the emount of
information on the suip can be pared considerably
{(Vortac et 2l., 1993; 1996) or in some cases research
suggests that the strip may be eliminated altogether
{Albright et al,, in press). Although the controller was
often forced to compensate for the lack of an FPS {e.g.,
by doing 2 Flight Plan Readout {FPR)) there was not
necessarily an increase in workload or decrease in perfor-
mance. In fact, in some cases, the controller was able 1o
spend more time looking at the PV (using FPRs in lieu
of strips) than was the case with full FPSs. In ar&ozher
case, w. h only a one-line 5-field strip and no permicred
strip-marking, some aspecis of ATC were zctually supe-
rior to 2 full FPS condition in which the controllers were
required ro mark the strips. Finally, the Air Traffic Rules
and Procedures Service has recently given en route
faciliries some latitude in the use of serips. Thus, itis not
znreasonzhle to assume thar removal of information
from the cusrent FPS may be 2 benign modification of
the way flight data arc presented.

One caveat to the above argument is that, to cate,
efforts to test the limit of FPS information have usec only
secrors in which the flights are continually tracked by the
radar. In mixed environments, where some flights are
never under radar control, and where others enter and
leaveradarcontral, the role of the FPS and its constituent
fields seems especially critical.

CGur team was charged with determining the effects of
rcéacmg the size of the current FPS. We | began fev

&l

consulting with air traffic specialists at the FAA Academy
and then with specialists and National Air Traffic Con-
troller Association (INATCA) re "esematéves at the Min-
neapolis Air Route Traffic C Control Center {ZMP). All
consulrants were intimarely fa’r with con:roiﬂng
traffic in mixed environments. i%z purpose of these

lrarionswas to derermine what information, fany,

COisiz Ll
:1d be eliminared from the FPS. Fina! determination

coE

of the information to be presented on the reduced FPS
{RFPS} was left to the controller consuitants, who as 2
body tended 1o be conservative in what information was
removed. For example, although only ene conmolter fele
that groundspeed was important, groundspeed was, nev-
erthieless, retained on the RFPS.

The blank RFPS was identical 1o the cu
FPS but was reduced proportio onately to
sions, Thus, alf line demarcations were retained {E"e
REPS. However, 2 number of fields in vwhich computer-
generated information ry*,acaﬁye_p peared were left blank
onthe REPS. Specifically, the RFPS no lenger contained
the verification symbeol, revision number, sector num-
ber, revised ground speed, sirip number, previous fix
estimated time), and next posted

£
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tnformation {L wcluding
fix F . fend
fix. Font size was aiso reduced.

- " <. .
Finally, we were instructed to indicate information

Ta

diat currently appears to the controlie ,
sptua‘ Foutin g, znd a:a_‘mgns, wi th sh aé ng. ﬁgt}mugd

contrast too dramat ca,-iy i s unlmczy 1o be a viable
candidate for i.n reasing the readability of critical infor-

P
mation, the printer targeted to print tise REPS that will
be used with the common console will be incapable of
printing color. Nevertheless, to preview one ﬁnding of
the report, we recommend that any monechrom
higt ‘iigm::zg of critical information use 2 merhod oth
than shading (e.g., bolding or boxing).

Thel"x 5”R. ?S with eliminazed informarion, and witk
sk‘admg .1eplacnf7 ‘red information,” appears in Figure 1.
The FPS for the same flight Is reproduced for compariso
The current experiment compared the efficiency and egeL
tiveness of air affic conurol “smg the full FPS with the

efiiciency and effectiveness of the RFPS.

The study was conducted at the Minncapelis Cenger
{Z7iP}, one ?29 Air Route Traffic Co nmoi Centess
ie Unired Srawes. ZM i’ is responsible for
airspace fzor‘ the Canadian border to ne hem Kansas,

2nd & from eastern Michigan to the western Dakoras.
ZMP has z number of mixed sectors: Air rraffic Is wnder
both radar and nonradar contrel. The nonredar volumes

,.)

#f airspace exist because of a lack of radar sites throvgh-

out E‘E center S &ESDaCE an G. ioT, E’OE EX&“}?‘;E, DSC&MSC Og

0‘\')
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Twenty pairs of controllers participated in the swdy.
Thirty-rine were full performance level (FPL} control-
lers and one was a developmental {checked-out for the
sector). Miean time asan FPL 2t ZMP was 7.43 years, and
ranged from O to 21.0 years. The controllers had worked
in their current area for 8 years (range .58 - 13.25). All
seams except one comprised controliers who had worked
together operationally as Radar-side (R-side) and Data-
side {D>-side} teams prior to the experimens. For the
sxperiment, one member of each team served as R-side
and one served as D-side for both scenarios. The partici-
pants decided who would perform which duties.

Airspace

Two sectors from ZMP were used in the study {Secror
1,Area 1; Sector 5, Area 2). Both secrors have substantial
amounts of nonradar traffic, in addition to flights under
radar contiol. The secsors were chosen in consultaton
with our subject matter experss (SMEs}, ene from Area
! and one from Area 2.

Ten teamc were from ZMP’s Arez-1; for the purpose
of this experimen, they conirolled simulared waffic in
the Pellston (Sector 1} sector.

The efficial sector 1 description

Sector 01 works alf performances of aircraft from the
ground to 12,000 feet MSL. At Peliscon {PLN) it is nonradar
5,000 feer and below. South of FLN this increases to 7600
Feet MSL and below, and wo the north of PLN this increases
o 10,000 feet MSL and below. The sector becomes active in
the summer months with 2 large amount of recreational
wrzffic. The complexity of this sector becomes evident with the
auzmerous overlapping approaches coupled with the noaradar
zreas. Controllers work with two Approach Controls, Saginaw
(MRS} znd Coilins (APN}. MBS s ARTS equippsd for
zutomated hand-offs and fight plans are passed via computer.
APN recuires manual coordinations of flight plansand manual
hand-offs. Sector O is bordered on the north and east by
Toronte Center {YYZ}, to which {the controlier) must coor-
dinate manually both for flight plans and radac hand-ofls.
Sector 01 isbordered on the south by Cleveland Center, Flint
Sector. Sector 01 is bordered on the west by Minneapolis
Cenver secters 82 and 3. {Taker fom the faciliny's sector
narrative, ZMEP7220.1).

Ten teams were from ZMP’s Area-2; for the pur-
pose of this experiment, they control'ed simulated
rraffic in the Bau Claire {Secior 5) secior.

The official sector 5 description

[ <2 B 3 - o - a5 -
in handling 2 broad array of traffic. Thougn ysmallin

ares, secror 05 is a fast moving sector. The tweo alrporis
generating the most waffic are o, Claire (FAU) znd ia
Crosse (LSE). EAT hae 4 TPR approaches. The BCRwy dand
1LS Rwy 22 2re the most commonly used and vectors can be
provided for the final approach course at the BC Rwy 4. Radar
coverage west of EAU is generally 3000 co 4000 feet MSL,
while cast of the VOR coverage below 6000 feet is marginal at
best. Thirty to 49 miles southeast of EAT} coverage does not
exist below RB000 feet. At LSE, thereisa pare-time VFR control
sower. The ILS Rwy 19, VOR Rwy 13, and the VOR Rwy 36
approaches are most commonty used. Radar vectors are pro-
vided to the VOR Rwy 13 and VOR Rwy 36 final approach
course while radar coverage north of LSE makes vectoring for
the ILS Rwy 18 approach very difficult, Coverage below 5000
feet north of LSE is very Hmited. In addition, zpproach
services are provided for numerous smail airports scatrerec
throughout the sector. Sector 85 works closely with Reochester
{RST} and Waterloo {ALTY epproach controls located in the
scuthwest corner of the secior. RST Approach owns 860G feet
and down while ALO owne 10,800 feet and down. A part-
rime GCA unit operazes at VOK field just east of the sector 03
boundary. They ewn 10,000 feet and down. Thereisalso 2
part-sime VFR control tower located ar the Fort McCoy
{CMY) airport. Two restricred areas 2nd 2 MOA’s zre used
within the sector. The taffic flow is generally east to west
consisting of ail types of aircrafi. Sector G5 remains open ali of
the zime. Al other sectors within the arez combine at Secror
83, {Tzken from the facility’s sector narrative, ZMP7220.1).

SEC‘ZC; 85 ES a EGW ﬂﬁ;imﬂde SE&CTOT !J’ 14 2:},@03} iaigcl S!'Ed
kY

Design

Each team controlled air traffic during two scenarios,
once using full FPSs and once veing the 17 x 57 RFPSs.
Order of the scenarios, order of the strin-condition (FPS
or REPS), and assignment of strip condition to scenario
were counterbalanced across the teams, such that each
scenario appeared equally often as first or second, each
type of strip was used equally often first or second, and
ezch scenario was controiled using each type of surip
equally often.

Scenarios

Scenarics were comstrzcied and tested by the area
SME. Two 50-minute scenarios, comparable in diffi-
culty and realism, were constructed for each area. The
scenarios were intentionaily designed to exercise the use
of the ﬂig:ﬂ'it strips, sometimes including situztions expe-
rienced in the field, but at a somewhat higher rate. For
example, departures from small airports make use of the
flight progress strips, bus their gypical eccurrence in the

i ko]
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field was less frequent than in our experimental sce-
arios. Wnen asked about the realism of the scenarios,

]

53% found nothing unrealistic 2bout the scenarios. The
only differences berween the simulated scenarios and
their rypical 15 traffic mentioned with any frequency
{>1} were busy small airports (9) and more nonradas
rraffic {5).

The scenz . ios were tested and modified by the SMEs
unti} they a;’ peared nparable in difficulty, realism,
and complexiry. Characteristics of the 4 scenarios appear
in Table 1

Onr-line Production of Reduced Sivips

Plastic strip holders for the RFPSs were created by
rcmovmg the middle 3” from the strip holders used in
terminal facilities. The serips used by terminal conwrol-
lersareonly 1” in heighe, neady ficting the requirements
for the current study. Similarly, the paper used to print
terminal strips was used to print the REPS. The paper,
perforated every inch, was the same color 2s current en
route FPSs, and was blank on one side, allowing us o
create the RFPS on the biank side of the strip. A woeden
strip bay with metal dowels was constructed to permit
the sequencing and manipulation of the smaller RFPS.

Because it was not possible to interface directly with
the HOST to produce the RFPSs, we utilized 2 program
{i.e., STRIPS) written by the staff at ZMP explicitly for
the purpose of quickﬁy transiating full FPSs into the
RFPZ:. An experimenter sat next to the HOST s prineer
and removed FPSs as they were made available. This
experimenter identified the call sign to ancther experi-
menter operating the STRIPS program. Thecall sign was

compurer identification number (CID), any times (hours
and minutes) on the strip, and the flight’s beacon code.
Because the CID, time, and beacon code depended on
the time period during which the pr biem was pre-
sented, it was necessary that these pieces of informaetion
be entered for each execution of the scnario. For
reroutings made by controllers cumﬁg the scenario, the

imenters either pulled up a strip from the database,
anticipating that rercuring, or modifiedan existing strip
in the database 1o accommodare the route change. Ob-
viously, the process of removing strips from the HOST
printer, ;xaﬂSEa\.u‘g thern, and then printing them on the
termina! forms tock lon ge: than simply removing strips
from the HOST mmter This delay was reduced d consid-
erably by having the SMEs indicate which of the several
strips priated 'for a particular fight was, in fact, one thas
a controlier would use for the flight. Nevertheless, it is
undeniable that centroliers received strips more slowly
in the RFPS condition of this experiment tharn they
would when a dedicared p:m:e: is interfaced dﬁccuy
the HOST. Finally, the translared RFPS was printed on
an EPSON laser printer and handed to 2 ZMP develop-
mental who placed the RFPSs in holders and delivered
the strips {i.e., A-side} for the simulations,

"'J

D{pfﬂdeﬂt Peasures

We collected severai dependent measures Gu:mg the
course of the experiment. The measures fall under 4
categories: Performance, Controfler Behaviors, Work-

foad, and Contreller Opinion.

Tabiz 1. Characteristics of the 4 scenarios used in the experiment.
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Performance

Two instruments were used to assess coneroller per-
formence. One was 2 version of the standard OFT
evaluation form (FAA Borm 3120-25) medified to focus
mere precisely on strip activity; like an Of T evaluation,
this On-line Expert Evaluation (OLEE) was performed
by expert controllers while the participant controller was
engaged in the scenario. The other was the Pest-scenario
analysis we developed previously to assess the number of
remaining contsol actions (Vertac et al, 1993} In
addition, 2 aleris from the comniroiler’s system were
recorded when they occurred.

On-line expertevaluation. The SMEs asscssed control-
ier performance “over the shonlder” while the team was
controffing sr2ffic in the scenario, Bach SME had the
OLEE form, as shown in Appendix A. The SME frem
the relevant ares of specialization always observed the D-

ide, while the SME from the other area observed the R-
side. Thiswas for 2 rezsons. Fizst, an FPL from adifferent
are2 can more casily evaluaie mistakes apparent oa the
radar than mistakes on the D-side. Second, the focus of
the study was on changes in flignt datz utilizarion,
suggesting the more knowledgeable controlier should
evaluare D-side performance. Of course, the SME ob-
servers might differ in how they used the OLEE form,
but because scenarios were counterpaianced scross sirip
condition, such differences cannot affect the resuits
systernatically. Fach observer indicated whether each
performance category was Satisfactory, Needs Improve-
ment, or Unsatisfactory. Observersalso kepra wlly of the
mistakes controllers made within each of the OLEE
categories.

 Pyst scenario analysis, At the end of each scenario, the
2 SMEs consulted in completing the post-scenario analy-
sts. The post-scenaric analysis is 2 quasi-objective mea-
sure of performance that we developed for an earlier set
of studies. The SME determines, for each flight, chose
controller actions stiil remaining that will successfully
remove the fight from the contreller’s sector. Assuming
the same starting poing, and the same amount of time
aflowed for controlling traffic, a condition that feaves
fewer remaining actions can be thought of as one that
supported more efficient control. Finally, because FPLs
typically agree on the aciions necessary o tansit an
aircraft out of the secior, we believe the remaining
actions measure makes a strong appeal to objeciivity.

A

Confiicr alevts{MSAVS, Finally, we recorded 2 mea-
sures ther may be indicative of performance difficalties.
"The current system alerts the controller when it predicss
that loss of seperarion or violation of eltirude m!
is imminent. Although such zlerts do not mean thas
separarion was lost, or even thatit witl ultimately belost,
2 larger number of such occurrences in one conditien
compared with the other may agein suggest zhat the
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Controlier Behaviors

The Sehaviors in which controllers engage can pro-
videvaluable clues te the potential effects of a new system
on their performance. Some of the behaviers are likely w0
compensate for zn inferior display. Other behaviors are
zefevant tc performance and suggest poorer performance
in ope sitnation than another. Al the behavioral obser-
vations described below were oheained on-line by ob-
serversseated behind the controliers during the scenarios.
The experimenters used a tally-sheer, and, where appro-
priate, = stopwatch, to record the relevamt data. One
experimenter observed the behavior of the R-side and
another the behavior of the D-side. For those behaviors
involving communication between the controlier and
pilots, other facilities, or other sectors, the data were
gathered following completion of the scenaric from 2
multitrack tape recorder that captured the radio and
telephone commaunications of the contrellers.

Compensasory Behaviors

in order to maintain ar acceprabic level of perfor-
mance, controllers may need to compensate for informa-
ion not present on the RFPS, or not easily seen or
retrieved from the RFPS. Such compensarory behaviess
are not necessarily negative, but they are cerrainly infor-
mative, For example, in the Albright er a1, study using
Seld controllers from Adanta ARTCC, controlierswith-
out strips compensated by performing more flight plan
readouss. Replacing strip inspection with FPRs had
interesting consequences. Controliers could spend more

time looking at the PVD when performing FFRs, and
using the quick zction keyboard {QAK) to obtain other
flight data, than when he or she obtained these data from
thestrip bay. Thus, compensatory behaviors often painted
2 complex picture that must be evaluated carefully.

Ead

In the current study, we recorded several differ-
o o -
ent controiier behaviors that could serve as com-
pensatory mechanisms.
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Eﬁic;matéon from the strips, E:ae or she may c"m@s;
instead, to reg
puter via Ehe system’s quick ac i n ke }fboa.é fou(}
The QAK can be used o deliver the flightplan o 2
mail screen, the computer readout display {(CRD).
Such 2 behavior couid occur for either the R-side or
the D-side, and thus we kept separate tailies of these
QAK zctivities for the two team members.

PR 1f che controller cannos easiiy 2CCess necde
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Time on strip éay If it is difficult to see or find
information on the smaller strips, the controller may
spend more time viewing the strip bay. For the R-side
controller, this of course means that he or she is
spending less time monitoring the PVD. Time-on-

trip-bay for the D-side is, on the other hand, not 2
compensatory behavior. Thus, we recorded this be-
havior for the R-side only.

Time in aural R communization. A smaller strip
miay be 2 less valuable aid in communicating between
the two members of the controller seam. This deficit
could manifest itself in more R—D aural commauni-
cation. For examp;c, the R-side may not be zble to
zecess the information from the RFPS quickly and
subsequently, may verbauy request assistance from
the D-side. Thus, for each scenaric, we recorded the
cumulative amount of time that the team members
spoke to each other.

Poinzing. If a smaller serip is difficulr 1o locate by
one comasiim, it may require the other controller to
point to it. This form of nonverbal communication is
quite common, but sharp increases in its occurrence
could be indicativeof 2 p‘o'bsen in searching the serip
bzy 2nd detecting the target.

J-rings. J-rings are multisided polygons that the
controlier can place around a fhght displayed on the
PYVD. These rings zid the conrroller in dzscsmm
lateral separation between flights thar are at the same

altitude. Disproportionate use of E—rénvs in oRe sirip
condition could suggest that the contrelier is pushin
separation standards more in that condition than in
the other.

Route displays. Another compensatery operation
availabie to the controller is displaying the route of 2
flight across the PVD. Aga_n, if smaller strips make
discerning routes more difficult, we may see controllers
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Coust sracks. For fiighes notunder radar conirol, the

controlier can initizrez Coas 1 orack on the PV, Such
tracks can move accord ng o the filed flight plan or

the controller can move the déta blocks manually. A
controiler may choose to initiate more

when insufficient information is avalizble from the
strips. We recorded the number of Coast rracks dis-

. . .
played for each scenario.

controlier cannot easily

Controller gueries. It the
cm the strip, or if the strip

recrieve the information fr
proves to be an unsuitabie medium 1o record impor-

k3

tant information, the controller may simply choose to
guery the _puo* about the missing data. We recorded
2l radic and telep‘xo,-b communications dL::ng the
sceniarios and su_:segh ﬁ‘;y railied che number of such

side and Di-side consroliers.

queries made by the R

Writing. F‘..cj!}’ we recorded the number of times
thata controller, either R-side or D-side, wroteon t
rips. Writing on the strips is a central part of ‘seas :
management, ané as we have shown pfevzousif, an
integral part of the behavioral sequences that charac-
terize ATC {Edwards, Fuller, Vorrac, & Manning, in
press; Vortac, Edwards, Jones, Manning, & Rostcr,
1993; Vortac, Edwards, & Manni ing, 15945, How-
ever, the effect of smaller strips on the free; ency of
writing, while important, is not easﬁy predicted. One
possibility is that, because of the absence of informa-
tion, controllers may choose 1o write more on the

u(b
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smaller strips. On the other hand, because the strips
are physically much smalier and have less room on
which to write, the controliers may choese to neglect
or postpone strip marking that they mﬁg*r otherwise
pc;fexm. Thus, aithough the frequ sency of f writing is

..
cle "“:y important t and worth observi ng, ¢ this measure
~ o .

elone will not be indicative of the viability of the
smaiéer strips.

Workioed

it may be the case that comparable performanc
ut atr 2 ¢ost in the
araoinnt Gs ei"{o?t :ﬂﬁ Contfoiie; ist eCLi*’eG e CXDER Ci We
assessed workload in 2 ways. One was a relatively direct
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8
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be mairreined by the controliers,
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guery of the controliers of their effort using a standard
instrument. T he other measure was 2 more complex, less
direct, but more unobtrusive measuze of workload.

TLX. We used 2 modified version of the NASATLX
form. The MASA TLX {Hars & Seraveland, 1988} isan
instrument that allows the assessment of several dimen-
sions of the workload construct: mental demand, tempo-
rzl demand, physical demand, effort, frustration, and
performance. Subjects placed an “x” on 2 lne ranging
from “low” to “high” 0 indicate their perception of the
worh.oad when conirolling traffic with FPSsand RFPSs.

Cranting reguests. As part of their job, contraflers zre
often asked to respond to requests made by pilors, other
sectors, and other facilities. Although the frequency with
which controllers grant such requests and the time it
takes them to grant these requests clearly involves more
than workload (e.g., the particular traffic situation,
feasibility of the reguest), It is clear that workioad would
be one fzctor influencing the frequency and speed with
which requests are granted. Thus, communication be-
rween the controliers and the piloes, other sectors, and
facilities were recorded. Reguests of the controlier were
identified and the number of those granted and the time
taken to grant them were analyzed.

Centrotier Opinion

Finally, the opinions of the experts employed to
operate any new system are 2 vital part of its assessment.
Thus, we interviewed each controller to determine over-
all opinions of the 2 swip formats. We queried them
using continuous-iine scales to determine how well they
liked the formars, how casy they were to use, how useful
they were, the quality of information, their perceived
efficiency in conwolling traffic, and their perceived
efficiency in board management. Subjecis placed an “x”
on 2 9.6 cm line to indicate their opinion on each of the
scales. We also included a number of open-ended ques-
tions designed to explore their particular concerns, if
any, with the reduced sirip, including their opinionaste
bow it could be improved.

Procedure
A) zeams of controllers were tested during a 2-week

ey < R )
peried in january 1993, After giving informed consent
and completing 2 short blographical guestionnaire, the

en

team cecided on who would serve as R-side. The partici-
panis then took their respective places and were zllowed
wo view and interact with the system and the strips for up
. 1 % 1 = - 5 =
0 5 minutes before the problem starred. During thar 3-
. I - . . - R I T
minute period, the participants recefved a short briefing
~ 1z v ~ e i IR s : g
from the SME from that avea. The briefing incluced
;i vime af rrnrrnlling cemelerad air rrefl b
idiosyncrasies of controliing simulated air trefficon &

oy

DYSIM znd an overview of current traffis parameters,
inclading “hot” aisspaces, ILS zpproaches, VOR prob-
tems, and so on. The first of the two 30-minute scenarios
then began.

During the scenario, 2a A-side controller placed the

t ]

FPSs {or RFPSs) in the swip holders. The primary
specialist stood over the shoulder of the D-side pardici-
pant 2nd the other SME sroed over the shoulder of the
R-side. Each SME compieted 2n OLEE for the control-
ler they were observing, Behind and further to the sides
stood the 2 observers responsible for recording R-side
and D-side activity. An observer monitoring our audio-
recozdings of interfacility communications was plugged-
in overhead and sat behind the SMEs. During the
reduced strip conditions, a pair of experimenters sat off
to the side next 1o .2 HOST printer that produced the
EPSs. PPSswers removed from the printerand wanslated
into RFPSs.

At the end of 50 minuzes, the controllers completed
the modified TEX instrumentand were given 2 2010 25-
minute break while the second scenario was set up.
Diuring thistime, the SMEs complered the post-scenario
instrument. When the participancs returned, the proce-
dure was repeated for the second scenario.

Ar the end of the second scenario, the participants
were separated and interviewed about their experiences
and opinions, using the peost-experimentzl question-
naire. The participants were then thanked and asked not
o discuss the details of the study with other controllers
uniil the study was completed.

Resulrs

For the analy<es in this report, we chose o compare
the FPS condirun with the RFPS condition using un-
corrected Student t-tests at a test-wise aipha of .§5. We
made this decision not only becauss of the temporal
constraints placed on the production of this report, but
alse because such 2 stanistical strategy will be liberal in
rejecting the null hypothesis, 2 blas not withour ins
benefits when exploring for porential differences.




19}

Pegﬁ% rmance

“’?e znalyzed 2 instruments to assess performance:
E form and the Remaining Ac-
EE form contained overali ratings

number of i
fthe number of negative

the SID}‘“C& e O

ns form, The OL
rom the SMEsand s counro
sccurrences or comments by the SMEs. Overall, the
eqh" ncy of negative comments was 2 more sensitive
nstrument than the simni tatings of “satisfzctory,”
needs improvement, and ° “wnsatisfactory.”
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QOLEE Analysis

Although ratings tended to be less sensitive 1o
differences between FPS and RFPS than were fre-
guency counts, the Z sets of dawa were quire clear in
their overall agreement thar tae RFPSs had z.ege.tsve
effects. The mean ratings {Satisfacrory = 1; Needs
improvement = 2; Unsatisfactory = 3} and the fre-
guency of mistakes noted by the SMEs are shown in
Tables 22 {R-side) and Zb {(D-side),

Both R-side and D-side evaluations were poorer for

the RFPS than the FPS condition in the separation of
nenradar {but not radar) flights, in effective. strip
marking essential for control, and in locating the
strips within the bay. In addition, using the 17 x 57

able 2a. OLEE: Ratings {eft) and Freouency of Negative Comments {right) for R-sida.

. s

- £ PR
STy resuited in an .F.C':@ZS o

3

4

comments zb
the situstion. For
affected the amzz:;r
D.s'c ziso ?;‘ﬁe abi;iE}" toscan informationona ;ar:zczf;ar
-side’s board management respon-
sm;z:%:y of remonpg deadwood (but not seguencing)
was affected by the smaller s‘:sw Overall, the smaller
strips seemed to interfere with separation of nonrada
traffic and with the R-side’s awaz'em,ss of the situa-
culty in locating

T %:E—‘ v a.:‘:'is.

L &

tion. This deficit m may be due o dif;
thu 5:;-1:" oF ﬁ;.uxﬁg 4”310fmati0ﬂ oni ig, ma:i{zﬁg £38Cn-
tial information on the strip, and removing st:ip s for
flights no longer under conerel. Interestingly, radar
control was apra:eqﬁy unaffected and there was no
indication that nonverbal communication between
the members si: the pair was hindered.

Remaining Actions

Results from the Remaining Actions form showed
no overall difference between PPSs and RFPSs for the
rotal number of zircrafr seill wnder coszsiderat:o*z, of
for the sumber efp’o;ucsais remaining in the bay {See
Tabie 3). We then used the rena_mng actions datz

from the post-scenario analysis to analyze ights under

T

Radar '

Nonradar __ 1.90 2.30

TRIP MARKING |

Essential for mﬂﬁme 2.38 278 2.18

Essentizi for conirs! 11.25 1808 238

Nonessential

ENenessgf stial 1.80 2,18 2.30

ROGESS?_NG SFPEED

Localing 2.

-D CORMURIGATION

Locating 720, 239 5.7 i8 785 G5B
Sirip scan - §.00 .05 ng _S_’ari_p _s__c_:ar 05 20 ns

a:f%o*\a '

S 85 S0 ns

1.40 25 1.8 243

Samovai ﬁ" dea&woba .25 1.40 385 430 ns
Effactive sequencing .00 110 30 B0 ne

Helics=p<.30
old=2<.08




flic: zlerts and MSAWs are, at best, gross
for. ecause they could
occur even when no i:xoaicm is imminent. Consistent
with Tabie 4, there were no reliable differences in the
the FPS and RFPS

frecusncies of these alerts between

Compensatory Behaviors

e 12 behaviors we tzllied from the R-side thar
could reflect compensatory behavior, including some
communications events {e.g., requests of pilots for
peed} only the freguency with which they
PVD evidenced 2 any difference between

d F PSs, (19} = 2.79: When using rﬂd&.ced
strips, the R-side pointed to the PVD 48% more often
{6.67 vs. £.10} than he of she otherwise did. Notice
that pointing to the PVD more was nof because the
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controller was pointing to the strips less. OF the 5
D-side, none were signifi-

ehaviors railied for the

cantly affected b; ¥ the type of strip. The frequencies of

compensatory behaviors appear in Table 5.

Worklosd

TiX

Workload, as assessed by the modified TLX, was
znalyzed separately for R-side and D-side. The D-side
controller reported expez‘epciﬂg comparable work-
oad, zesa*c_?css of whether the FPSs or RFPSs were

used. Ear the R-side, however, the RFPSs produced
greater self-reported effort, 2(19) = 2.17, and frustra-
fiom, #{19} = 2.79.

Peacs

- o
Gransing reguests

.

Another less direct, but more objective measure of
workload, is the number of pﬁiol req:;ests granied and
required to grant them (see Tadble 6).
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bO nmunication, and pen

related controiler be nama

R-SiDE

Coast tracks 4.05 £.9%
Flight Plan Readout 1.85 1.82
Route display 8.00! 881
Poinl-io-PVE &£.58 8.C7
Writing 174.9 185.2
Point-to-Strip 34.25 37.328
3.00 3.88

Yiew sirips {sec) 3057.00 1681.30
Yecior line £30 5.45
Bange of PVD £15 3.57
Siipt recussis 18.40 12.8C
J-rings 1.30 1.38

D-8IDE

nt Plan Readout 4 .85 2.18

i—% -PVD 12.80 1173
to-Strip 25.15; 28.87

strip 12.55 18.82
Wriiting 147.80 134.85

R-0 COMMUNICATION

Time {sec) 183.55 188.07
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Bold=p«< .35
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rant time for FL Ss
appears f'{nslr erably longer than the mean grant time
for the RFPS, this 22 second differsnce is due prima-
rily to one team’s exceptionaily long latency.
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n-ended responses about the RFPS

were tallied. Ccnt Hers were zllowed o make as
many of as few comments as they wished; thus, the
£

following summmary, unless in icatec., over-represents

%

who offered more suggestions. When
fiked zbour reduced st os, 33%




Teblz 8. Twoe measures of workicad. Direct TLX
racons and indirsct frequency and delay of
Tpoy el
s ay
Menial dema, 3G 75.60 78.55 of the information retrieval concerns also revoived
Physical demand 56.C0 88.70 zround the use of snﬂmg, rather than color, to indi-
Temporal demand 84.75] i.80 cate direction of "xag::z and CID. Shading is not, ergo-
Effort §7.20 77.25!  nomically, 2 goou method for E:lghhg- ting critical
Frustration 51.45 7025 information, and several controllers commented on
Performance 48.40 48.501  chis %mpacz of shading; CID scemed especially of-
B-SIDE fected by appearing in shading, rather thaa color.
Menizs! demand 68.55 75.65 Only 3 comments revolved around the exciuded in-
Physical demand BE3.70 82.30 formation, previousinext fix. When asked if there was
Temporal demand 84.85 82.20 enough room on the reduced FPS, 75% sa'-é no.
Effort 82.70 71.55 Commentszbourboard manac ementincluded surip
Frustration 48.85 §1.35 marking problems: wrinng difficule (11}, no room for
Performance 55.80 45.05 altitude {5}, hard to write on cocked strip {2), need 2
fine tipped pen {1}, wrote less (1}; 2nd manipuliation
GRANTING REQUESTS 1 % problems: herd ro manipulate {11}, hard to remove
Percent Granted 84.82° 540 deadwood {1} There were alse comments a?) ut trying
Time to grant 8u.27] 38.98] (o encode written information: hard w0 1 d Di-side
writing (2), cannot see when R-side’s han é is in the
Bold-p<.05 way {1}. Sixty-five percent of the controliers stated they
' did notwrite all required markings and 10% were unable
to write nonmandated informa-
Tabie 7. Contrelier opinion about strips. tion. Resequencing was also
: ; viewed as more difficulr with
W 10.18 245 402 herecuced sirip (40%) orﬁ*e
Usefuiness 2.58 3.90 7635  seme {48%), with 12% of the
e = Tzo > 32 controilers not performing any
Cuzity of information 10.28 5.04 25  Toscquencing. .
Eficiency of control 5.85 5.35 7.27 When asked what informa-
Efficiency of board management 8.73 2.53 G5  Hon they would remove from
ahe reduced FPS, 70% said noth-
Y p— ing. On iys*aé ag as:ugg\,s;eé
) by more than one controiler.
When asked what information
found nothing. Negative comments were: hard rosee,  they would add to the reduced FPS, 43% said nothing.
had to write smaller, less room, better than noswripat  Other comments were: color {13}, pr._»n us/mext fix (B),
all, good excuse for not using chem. Positive comments  L1D-modifications {4), nonradar indicator {2), size of
were: fitin the bay, fess rime to sequence, less spacefroom zrrivalideparturearrow {3}, move beacon code (2}, larger
used, didn’t have to reach as far, convenient for the left  altitude {2). Previous fix/nex: fix informarion was men-
handed person, eye-level, less clutter, less paper. toned Dy a significant mineri )f. These concerns often
When asked how reduced strips impaired petfor- dealt with flights transiting from Canada; for such
mance, the majority of responses fell into comments  flights, information about time appeass n nowhere elseon

a%sut information IELIACVQE dﬂ"‘ 3.5{)0{3" [

board manage- the strips. Thaus, when prev ioa;sfne Xt fix was re-;-oveé,
ment. Comments abou: information retrieval strips for Canadian{ ]

et
b




T

’mzca"ed mu.tzpf
changes {10}, a?ﬁ)’{)ac fdepartu:e indi
ing \8), ﬁ'ﬁﬂ idiz

nonradar environment (8}, preplar ng
{7}, scanning {5}, none {5}, vectoring arcs {4}, when
busy (£}, and ?esoivmg conflices (3). Finally, we asked
contrellers if they could safely control = more, fess, of

the same amount of traffic with the reduced strips.
None ggo;estea an abiiity to contro! more tratfic 2n
60% believed they would be able to control less.

Conclusions and Recommendations

We compared the performance and workload for
controliers controlling air traffic in 2 mixed radar-
nonradar environment using the standard size& EPS
{1%6” x8"Yand an FPS reduced in both size {1 x 57}
and the amount of information it presented. The

resulrs from 20 reams of field controllers fom Minne-
apolis center are summarized in this report. Overall,

the 17 x 57 strip yielded deficits in the conurol of

nonradar flights, but not in the control of radar
flights. This was evidenced in the subject matter
experts’ evaluation of nonradar separation, strip pro-
cessing and board management, and, to 2
extent, in the efficiency with which traffic was moved
through the sector according to the remaining actions
analysic. Furthermore, the R—sme controilers’ aware-
ness was rated lower when using the smaller serips.
he problems occurred only with nonrzdar

mazgsnai

Because ¢
flights, such measures as conflict or MSAW zlerts or
the number of J-rings used would not be expected to,
and did rot, vary with condition.

Interestingly, the controllers’ evaluation of their
own performance, as indicated on the TLX, did neot
EeﬂecL this difference between reduced and normal
strips. Fhis may help explain why controllers-did not
compensate for the smaller strips to any great exrent.
In order to compensate for the reduced strips, control-
fers made only one relizble change in their behavier:
The R-side pointed to the PVD more often. This
behavior was not because the R-side pointed to the
smali strips less often. Pechaps the smali sirips engen-
deréd meore nonverbal communication overall, but
this nonverbal communication was not the type that
alerred our subject matter experts to any problem in
tntra-ream coinmunication.

Alrhough there was little compensatory activity,
the R-side coneroller, but not the D-side controlier,
felt the workioad was greater with the 17 x 57 strips. In
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strips. Des?ite being under a perceived heavier work-

load, the controilers nevertheless were zbie to perform
secondary tasks, like ma‘at*ng pilot *equ:sts, as often

and as quickly using small strips as they &

standard strips.

This study zalso suppiieé information about the

specific air eraffic operations likely to be affecred by 2

seduction to 2 17 x 537 FPS. Strip marking, strip

£

o4 MSERS

seemed cspeciaiiy fected. 3 iferior stip marking was
evidenced inthe OLEE aﬂ?-_ij,f sisznd the controllers often
reported that the size of the sirip prevented writing.
The ability o locate a particular strip and 1o find
the information on the strm OICe 1T Was ﬁfohﬂa sgems
to suffer with strip reduction. The JLEE and che
controiler opinions echoed this problem. Locating
sezips might have been especéaﬂy difficulr for the R-
side, thus ieacﬁrg to the large difference in perceived
frustration. The contrellers also noted specific prob-

lems with the strip display, including the use of

shad'ng 1o replece information that is typically pre-
sented in rad.

Of board managenient
censicered by the controllers as gen Ci'a.isy inferior
with small strips — removal of deadwood seems to be
most likely to be affected Dy strip reduction.

LEE evaluzrion rated the 1”7 x 5” strips negatively,
and the subject matter experts recorded more negative
comments about removal of deadwosd under that
condition. Because few controllers complained zbour
handling the small sirip holders, the defi iciency is
locate those strips ready

responsibilities—

likely to fie in an inability to
for removal.

Ovwerall, it seems clear that the
here was inferior 1o the current FPS, especiatly in the
control of nonradar flights. Thus, based on these data,
we cannot recommend that the 17 x 57 strip, as
designed for this study, be considered as a design
eption. This, of course, does not mean thar the cur-
rent FPS is the only methed of presenting flight date
Asm aiuer strip may be feasible. Toward this end, i
seems clear that some method of highlight wg critic aE

mormatmn, other than sha@;ng, shouid be used.
Ajthougﬁ several controllers offered suggestions about
the daspsﬂ" characteristics of the reduced strip, there
was less concern a%;oat the substantive information
removed. However, previous/next fix information
was requested by a s;gmﬁcaﬂ e minority. Much of this

17 x 37 strip tested
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concern was in regard 1o fAights transiting from Cana-
dian zirspace. For these fights, impertanc time infor-
mation is rontinely avzilable only in the fields used for
fix postings. Thus, while display characteristics should
undoubtedly be changed, this study alse suggests char, ar
least in some cases, valuable informazion was removed.

The problems with the smaller size tested here wer
bozh in terms of finding relevant informarion quickiy
and with writing on rhe strip. Obviously, a strip larger
than the est varsion would alleviate many of the
problems found here, bur it is unclear what size such
: strip should be, short of using the current FPS. A
arger strip would alfow more space for writing and,
rogether with optimally formatted informarion, may
be sufficient. This might be especially true once the
ceniroiler gains some experience with smaller strips;
the controllers in this study obvicusly had had ne
prior experience with the 17 x 57 swrip. '

It is 2lso apparent that the reduction will have s
greztest impact on nonradar flighes. In fact, other
work by this rescarch team has suggested thar in
sectors ander radar control, strip marking mighet be
eliminzted completely, and the strip size and informa-
tion reduced substantially. However, the current study
suggests that this is not the case with nonradar flights.
Thaus, cne solution involves 2 change in procedures:
Required strip marking could be eliminated and con-
troliers could be given the opticn to rerain enly those
srips needed to control nonrada: flights. This proce-
dural change could zlso be combined with a smaller
strip, although it is unclear from this study what the
size and characteristics of the reduced strip should be.
"This study does incicate, however, thata 17 x 57 serip
with the characteristics described in this reperr wili be
unlikely to aliow controllers to perform their job at
the current levels of efficiency and workload.
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. Senerstion
Non-radar

Radar

= Essentizi Srip Marking
Escseniial for effective control

diandated by 7110.65

Soeed
Difficuity locating strips

Slow sivio scan

Non-verbz! communications (done verbaily which can be done non-verbaliy)

Awarenass

Bosrd Menagement
Additions 1o active bay

Bemoval of deadwood

EHective sequencing

L TR (R B i

Sample On-Line Expert Evaluation (OLZE) form used by subject matter experis {SMEs) o raie the
effeciiveness of controller activities involving strip usage. SMEs rated R-side activities separately from D-
side activities.

S = Satisfactory, NI = Neads improvement, U = Unsatisfactory.
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